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$EVWUDFW
7KHJHQHUDOLGHDRI6SDFH6\QWD[DSSURDFKSRVWXODWHVWKDWWKHWRWDOQHWZRUNRISXEOLFVSDFHVZKLFKLVGHILQHGE\WKH
QDWXUDO IRUP RI WKH XUEDQ WLVVXH LQ HYHU\ VHWWOHPHQW RU FLW\ FDQ EH FRQVLGHUHG DV D VLQJOH DQG FRQWLQXRXV VSDWLDO
V\VWHP7KLVV\VWHPFDQEHGLYLGHGLQWRFRPSRQHQWVDQDO\]HGDVQHWZRUNVRIFKRLFHVDQGWKHQUHSUHVHQWHGDVPDSV
DQG JUDSKV WKDW GHVFULEH WKH UHODWLYH FRQQHFWLYLW\ RI WKRVH VSDFHV$PRQJ WKH 6SDFH 6\QWD[ DQDO\VLVPHWKRGV WKH
PRVWZLGHO\ XVHG LV WKH LQWHJUDWLRQ DQDO\VLVZKLFK LGHQWLILHV WKH SUHIHUUHG VKRUWHVW URXWH EHWZHHQ WZR SRLQWV LQ D
JLYHQ VWUHHW QHWZRUN $OWKRXJK SDUDGR[HV DULVH XVLQJ WKLV PHWKRG PDQ\ UHVHDUFK UHVXOWV IURP (XURSHDQ DQG
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YDULHW\ LQ WKH IRUPDQGGHQVLW\RI LWVXUEDQ WLVVXH ,W LV WKHSXUSRVHRI WKLVDSSOLFDWLRQ ZKLFKXVHV WKH'HSWK0DS
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 WR YHULI\ DQG LQWHUSUHW WKH IXQFWLRQDO VWUXFWXUH RI WKH FLW\ WKURXJK LGHQWLI\LQJ WKH IRUP RI LWV FRUH WKH
SULQFLSDO DQGPRVW FRQJHVWHG URDG D[HV WKH DOORFDWLRQRI WKH FHQWUDO ODQGXVH HWF0RUHRYHU LW DLPV WRYHULI\ WKH
DUJXPHQW WKDW WKH VSDFH V\QWD[ DWWULEXWHVRI WKHXUEDQSXEOLF VSDFHKDYH DQ LPSDFW RQ WKH DFFRPSOLVKPHQW RI WKH
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 ,QWURGXFWLRQ
6SDFH 6\QWD[ D ZHOONQRZQ PHWKRGRORJ\ RI XUEDQ DQDO\VLV LV EDVHG RQ WKH XVH RI FRPSXWHU
WHFKQLTXHVWRDQDO\]HXUEDQFRQILJXUDWLRQ,WVRULJLQOLHVRQWKHZRUNRI+LOOLHUDQG+DQVRQVLQFH
WKDW\HDULWKDVEHHQGHYHORSHGDWWKH6SDFH6\QWD[/DERUDWRU\RI8QLYHUVLW\&ROOHJH/RQGRQDVZHOODVDW
LWV YDULRXV DIILOLDWHV ZRUOGZLGH 6RPH LPSRUWDQW UHIHUHQFHV LQ WKH ILHOG DUH WKH ERRNV E\ +LOOLHU DQG
+DQVRQ+LOOLHU DQG+DQVRQDVZHOODV WKHSURFHHGLQJV IURPDVHULHVRIELHQQLDO
V\PSRVLDVLQFH5DWWL
7KLVSDSHU IRFXVHVRQ WKHDSSOLFDWLRQRI WKH6SDFH6\QWD[PHWKRGRI LQWHJUDWLRQ WR;DQWKLDFLW\RI
DSSUR[LPDWHO\ LQKDELWDQWV VLWXDWHG LQ WKHQRUWKHDVWHUQSDUW RI*UHHFHZKLFK KDV D SDUWLFXODUO\
LQWHUHVWLQJ YDULHW\ LQ WKH IRUP DQG GHQVLW\ RI LWV XUEDQ WLVVXH 7KLV YDULHW\ LQFOXGHV WKH H[LVWHQFH RI
WUDGLWLRQDOSDUWVZLWKRUJDQLFWLVVXHQHZHUH[WHQVLRQVZLWKUHFWDQJXODUJULGRURUJDQL]HGEXLOGLQJDFWLYLW\
DQGGLIIHUHQWUHOLJLRQDQGFXOWXUDOJURXSV
7KHPHWKRGZDVDSSOLHG WZLFHRQHEHIRUHDQGRQHDIWHUD UHFHQWXUEDQSODQQLQJ LQWHUYHQWLRQZKLFK
XQLILHGWKHRSHQXUEDQVSDFHVLQWKHFLW\FHQWUH7KLVLQWHUYHQWLRQLQYROYHGWKHSHGHVWULDQL]DWLRQRISDUWV
RI SULQFLSDO URDG D[HV DV ZHOO DV SRLQW WUDIILF DUUDQJHPHQWV EXW ZLWKRXW WKH LPSOHPHQWDWLRQ RI DQ
LQWHJUDWHGWUDQVSRUWVWXG\FUHDWLQJQHZFRQGLWLRQVLQWKHIXQFWLRQRIWKHZKROHFLW\
:LWKWKHILUVWDSSOLFDWLRQRIWKHPHWKRGLWZDVDWWHPSWHGWRYHULI\DQGLQWHUSUHWWKHIXQFWLRQDOVWUXFWXUH
RIWKHFLW\XQWLOQRZDGD\VE\H[DPLQLQJWKHIRUPRILWVFRUHWKHPDLQDQGPRUHFRQJHVWHGURDGD[HVWKH
DOORFDWLRQRI WKHPDMRU ODQGXVH WKHQRQ± LQFRUSRUDWHG VHJUHJDWHG DUHDV HWF7KH VHFRQG DSSOLFDWLRQ
YHULILHG WKH DUJXPHQW WKDW WKH V\QWD[ DWWULEXWHV RI WKH XUEDQ SXEOLF VSDFH KDYH DQ LPSDFW RQ WKH
FRPSOHWLRQRIWKHUHJHQHUDWLRQSURMHFWV¶REMHFWLYHVDQGFDQLQIOXHQFHWKHGHYHORSPHQWDQGVWUXFWXUHRILWV
FHQWUDOIXQFWLRQV


6SDFH6\QWD[PHWKRGRORJ\

6SDFH 6\QWD[¶V SURFHGXUH LV EDVHG RQ WKH UHSUHVHQWDWLRQ DQG TXDQWLILFDWLRQ RI HQYLURQPHQWDO
FKDUDFWHULVWLFVRIWKHEXLOWHQYLURQPHQWZLWKWKHDLPWRXVHWKHPDVLQGHSHQGHQWYDULDEOHVIRUDVWDWLVWLFDO
DQDO\VLVRIREVHUYHGEHKDYLRUDOSDWWHUQVVXFKDVURXWHVDQGIORZV3HQQ
$FFRUGLQJWR6SDFH6\QWD[WKHRU\WKHWRWDOXUEDQVSDFHVQHWZRUNGHILQHGE\WKHQDWXUDOIRUPRIWKH
XUEDQ WLVVXH RI HYHU\ VHWWOHPHQW RU FLW\ FDQ EH FRQVLGHUHG DV D VLQJOH DQG FRQWLQXRXV VSDWLDO V\VWHP
+LOOLHU DQG+DQVRQ  7KLV V\VWHP FDQ EH GLYLGHG LQWR FRPSRQHQWV IROORZHG E\ WKH DQDO\VLV DV
QHWZRUNV RI FKRLFHV DQG WKH UHSUHVHQWDWLRQ XVLQJ PDSV DQG JUDSKV ZKLFK LOOXVWUDWH WKH UHODWLYH
FRQQHFWLYLW\DQGLQWHJUDWLRQRIWKRVHVSDFHV
7KHPRVWZLGHO\XVHG6SDFH6\QWD[DQDO\VLVPHWKRGLVLQWHJUDWLRQ ,QWHJUDWLRQPHWKRGXVHVVKRUWHVW
SDWKDOJRULWKPVLQRUGHUWRPHDVXUHWKHQXPEHURIWXUQVRQHZRXOGKDYHWRPDNHZKHQORFDWHGDWDVWUHHW
VHJPHQW WR UHDFKRWKHU VWUHHW VHJPHQWV LQ WKHQHWZRUN ,Q FDVHZKHUH WKH DPRXQWRI WXUQV UHTXLUHG IRU
UHDFKLQJ DOO VHJPHQWV LQ WKH JUDSK LV DQDO\]HG WKH DQDO\VLV LV VDLG WR PHDVXUH LQWHJUDWLRQ DW UDGLXV Q
JOREDOLQWHJUDWLRQ,WLVQRWQHFHVVDU\WRDSSO\WKHLQWHJUDWLRQDQDO\VLVWRWKHZKROHQHWZRUNLWFDQDOVR
EHDSSOLHGDQGDQDO\]HGLQORFDOVFDOH,I WKHLQWHJUDWLRQLVPHDVXUHGDWUDGLXVIRULQVWDQFHRQO\WKUHH
WXUQVDUHFRXQWHGGHSDUWLQJIURPHDFKVWUHHWVHJPHQW7KH6SDFH6\QWD[LQWHJUDWLRQYDOXHUHSUHVHQWVWKH
GHJUHHRILQWHJUDWLRQRIWKHLQLWLDOVHJPHQWLQWKHV\VWHP$KLJKHUYDOXHLQGLFDWHVPRUHFRQQHFWLYLW\WR
WKH QHWZRUN ZKLOH D ORZHU RQH VKRZV VHJUHJDWLRQ +LOOLHU HW DO 7KH UHVXOWV RI WKH DQDO\VLV DUH
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SUHVHQWHG LQ FRORUHG D[LDO PDSV LQ ZKLFK HDFK D[LV KDV D GLIIHUHQWLDWLRQ LQ FRORU GHSHQGLQJ RQ LWV
LQWHJUDWLRQYDOXHUDQJLQJIURPUHGKLJKYDOXHVWRSXUSOHORZYDOXHV
$VFKHPDWLFDSSURDFKRIVSDFHV\QWD[DQDO\VLVUHOLHVRQWKHFRQFHSWRIJUDSKV$QLQIRUPDOGHILQLWLRQ
RIWKHJUDSKVXLWDEOHIRUWKLVDQDO\VLVFRXOGEHWKHIROORZLQJDJUDSKLVDILQLWHVHWRIGRWVFDOOHGYHUWLFHV
RUQRGHVFRQQHFWHGE\OLQNVFDOOHGHGJHVRUDUFV,QWKHFDVHRIWKHD[LDOPDSWKHVWUHHWVSOD\WKHUROH
RIWKHYHUWLFHVRIWKHJUDSKZKLOHWKHLULQWHUFRQQHFWLRQVFRUUHVSRQGWRWKHHGJHV7KHLQWHJUDWLRQPHDVXUHV
DUHZHOO±HVWDEOLVKHGWRSRORJLFDOSDUDPHWHUV+LOOLHU
(YLGHQFH IURPD ODUJHQXPEHURI UHVHDUFKVWXGLHVXQGHU WKH VXSHUYLVLRQRI+LOOLHUZLWKFDVH VWXGLHV
ORFDWHG LQ PRUH WKDQ  (XURSHDQ DQG $PHULFDQ FLWLHV ZLWK GLIIHUHQW XUEDQ WLVVXH PRUSKRORJ\ KDV
SURYHGWKDW
7KHLQWHJUDWLRQSDUDPHWHULQIOXHQFHVDORWWKHGHJUHHRIXUEDQVSDFHXVHOLYHOLQHVVXQGHUGHYHORSPHQW
LVRODWLRQDVLWLVVWURQJO\FRUUHODWHGZLWKWKHGDLO\FKRVHQSDWKVDQGWULSGHQVLW\IURPRQHSRLQWRIDQDUHD
RUFLW\WRDQRWKHUQDWXUDOPRYHPHQW+LOOLHU9DXJKDQ,QWKHPDMRULW\RIFDVHVWKHUHLVD
GLUHFWO\HTXLYDOHQWFRUUHODWLRQEHWZHHQLQWHJUDWLRQDQGGHQVLW\RIXVH 7KLVOHDGVWRWKHFRQFOXVLRQWKDW
WKHJUHDWHUWKHLQWHJUDWLRQYDOXHRIDURDGWKHKLJKHULVWKHGHQVLW\RIWKHFRPPXWHUVLQWKLVSDUWLFXODUURDG
3HQQHWDO
7KH LQWHJUDWLRQ FRUH ZKLFK FRUUHVSRQGV WR WKH    RI WKH PRVW LQWHJUDWHG VSDFHV DQG LV WKH
V\QWD[ FHQWUH RI DQ DUHD WHQGV WR DWWUDFW WKRVH IXQFWLRQV WKDW VHHN FHQWULFLW\ ,Q FRQWUDVW WR WKDW WKH
HQFORVHG FHOOV RI WKH WLVVXHZKLFK FRQVLVW RI V\QWD[ LVRODWHG VWUHHWV XVXDOO\ DUH UHVLGHQWLDO ORFDWLRQ IRU
H[WUHPHVRFLR±HFRQRPLFJURXSVORZZKHQFRPELQHGZLWKGHJUDGHGEXLOWHQYLURQPHQWDQGG\QDPLFVRU
KLJKZKHQFRPELQHGZLWKKLJKTXDOLW\RIEXLOWHQYLURQPHQW*RVSRQGLQL
7KHLQWHJUDWLRQDQDO\VLVFDQDSSO\WRDOOVFDOHVRISXEOLFVSDFHUDQJLQJIURPDVTXDUHWRDPHWURSROLWDQ
DUHD OHYHO WKHUHVXOWVEHWZHHQGLIIHUHQWFLWLHVDUHGLUHFWO\FRPSDUDEOH0RUHRYHU WKHPHWKRG¶VDQDO\VLV
WRROVDUHLQGHSHQGHQWIURPWKHPHDVXUDEOHDWWULEXWHVRIWKHEXLOWHQYLURQPHQW7KLVZDVDPDMRUSRLQWRI
FULWLFLVPRI WKHPHWKRG5DWW\+LOOLHUDQG3HQQ5HFHQW UHVHDUFKVWXGLHVKDYHSURYHG WKDW
WKHFRQFHSWRIGLVWDQFHLVWRSRORJLFDORQVHWWOHPHQWOHYHORUSDUWRIDFLW\DQGPHWULFRQDSDUWLFXODUO\ORFDO
OHYHO+LOOLHUHWDO
6SDFH V\QWD[ FDQ FRPSDUH WR WUDQVSRUW PRGHOV WKRXJK LW ZDV SRLQWHG RXW WKDW WKH\ DUH EDVHG RQ
GLIIHUHQWUHSUHVHQWDWLRQV\VWHPVWUDQVSRUWPRGHOVDUHFKDUDFWHUL]HGE\QRGHOLQNUHSUHVHQWDWLRQZKHUHDV
6SDFH 6\QWD[ LV EDVHG RQ D JUDSKLF UHSUHVHQWDWLRQ RI WKH HQYLURQPHQW KLJKOLJKWLQJ WKH PRUSKRORJLF
VWUXFWXUH RI DQ XUEDQ DUHD D[LDO PDS DV D VWDUWLQJ SRLQW WR GHVFULEH VSDWLDO FRQILJXUDWLRQ 1HQFL DQG
7URIID

 7KHFLW\RI;DQWKL+LVWRULFHYDOXDWLRQDQGXUEDQFRQILJXUDWLRQ
7KH FLW\RI;DQWKL LV ORFDWHG LQ DQ DOWLWXGHRI ±P$Q LQWHUHVWLQJSDUDPHWHU FRQFHUQLQJ WKH
SURFHVVRIXUEDQFRQILJXUDWLRQRIWKHFLW\LVLWVUHODWLRQZLWKWKHJHRSK\VLFDOODQGVFDSHWKHODUJHJUDGLHQWV
KDYHGHILQHG WKH IRUPDQGGHYHORSPHQWRI WKHKLVWRULFFRUHDQG WKH IODW ORZODQG]RQHVKDYHGHILQHG LWV
PRGHUQH[WHQVLRQV)LJXUHD
;DQWKL H[LVWV DV DQ RUJDQL]HG IRUWLILHG VHWWOHPHQW IURP WKH E\]DQWLQH \HDUV DQG ZDV GHYHORSHG
VLJQLILFDQWO\GXULQJ WKHPLGGOHRI WKHWKFHQWXU\ ,Q WKHEHJLQQLQJRI WKHWKFHQWXU\ WKHFLW\KDGD
SRSXODWLRQRILQKDELWDQWVDQGEHJDQWRH[WHQGEH\RQGLWVLQLWLDOUHVLGHQWLDOFRUH7KHFLW\ZDVWRWDOO\
GHVWUR\HGLQE\WZRGLVDVWURXVHDUWKTXDNHVEXWLWZDVQRWDEDQGRQHG

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)LJD0DSRI;DQWKLE$[LDOPDSRI;DQWKL

)RU\HDUVVWDUWLQJIURPRQZDUGV;DQWKLKDGEHHQLQLWVPRVWLQWHQVHSKDVHRIGHYHORSPHQWLQ
LWV KLVWRU\ DQG LW HPHUJHG WR D FRPPHUFLDO DGPLQLVWUDWLYH DQG PLOLWDU\ FHQWUH RI WKH ZLGHU DUHD 7KH
ILQDQFLDOGHYHORSPHQWRIWKHFLW\PDLQO\UHOLHGRQWKHHODERUDWLRQDQGWUDGLQJRIWREDFFRSURGXFHGLQLWV
UXUDOKLQWHUODQGDQGZDVDFFRPSDQLHGZLWKKLJKGHPRJUDSKLFLQFUHDVH,QWKHHQGRIWKHWKFHQWXU\WKH
FLW\ KDG  LQKDELWDQWV DQG UHPDUNDEOH UHVLGHQWLDO JURZWK DV QHZ QHLJKERXUKRRGV ZHUH FUHDWHG
RXWVLGHRIWKHROGVHWWOHPHQW
$ PDMRU SDUW RI WKH FLW\ GXULQJ WKLV SHULRG IRUPHG LWV PDLQ DWWULEXWHV WKH DGPLQLVWUDWLRQ DQG
FRPPHUFLDOFHQWUHLQWKHDUHDDURXQGWRGD\¶VFHQWUDOVTXDUHWKHQHZFRPPHUFLDO]RQHDFURVVWKHSULQFLSDO
URDGD[HVDURXQGWKHVTXDUHWKHVRFLDOIDFLOLWLHVLQWKHWUDGLWLRQDOFRUHDQGWKHWREDFFRZDUHKRXVHVLQWKH
HGJHRI WKH FLW\ YHU\ FORVH WR WKH URDG DQG UDLOZD\ WUDQVSRUW D[HV$W WKH VDPH WLPH WKHROG DQGQHZ
ERXUJHRLVLH DQG ZRUNLQJFODVV QHLJKERUKRRGV ZHUH GHILQHG DQG GLYLGHG DFFRUGLQJ WR FXOWXUDO DQG
UHOLJLRXVFULWHULD6LPXOWDQHRXVO\WKHJHRPHWULFDWWULEXWHVRIWKHXUEDQWLVVXHFKDUDFWHUL]HWKHIRUPRIWKH
FLW\ XQWLO QRZDGD\V FXUYLOLQHDUDOLJQPHQWVLQ WKH ROGUHVLGHQWLDO FRUH UHFWDQJXODU URXWHVWR WKH QHZ
FRPPHUFLDO FHQWUH DQG WKHDUHDRIWREDFFR ZDUHKRXVHV FRPSOH[DOLJQPHQWVZLWK ORZ ZLGWKV LQ WKH
ZRUNLQJ  FODVV DUHDV PRUH VSHFLILFURXWHVDQG LQGHSHQGHQWEORFNVLQ ERXUJHRLVLH¶V QHLJKERUKRRGV
3DWULNLRVHWDO
)URP  RQZDUGV ;DQWKL ZDV LQYROYHG LQ WKH ELJ ZDUV RI WKH (XURSHDQ FRQWLQHQW OHDGLQJ WR
HFRQRPLFUHFHVVLRQ ,QUHIXJHHV IURP$VLD0LQRUFDPHWR WKHFLW\ LQFUHDVLQJ LWVSRSXODWLRQIURP
 WR LQKDELWDQWV7KH UHIXJHHV¶QHLJKERUKRRGVEXLOWXVLQJ UHFWDQJXODUJULGZLWKHORQJDWHG
EORFNVRIHTXDOVL]HH[WHQGHGWKHFLW\PDLQO\WRWKHVRXWKZHVW
,Q  WKH ILUVW =RQLQJ DQG %XLOGLQJ 3ODQ ZDV FUHDWHG 7KH SODQ VXJJHVWHG QHZ DOLJQPHQWV ZLWK
ZLGHQLQJDQGUHGLUHFWLRQRIFHUWDLQVWUHHWV1HYHUWKHOHVV LWZDVSURYHG WREHSUDFWLFDOO\ LQDSSOLFDEOH LQ
PRVWFDVHV LQSDUWLFXODU LQWKHROGUHVLGHQWLDOFRUHV$IWHU:RUOG:DU,,DQGIRU\HDUV;DQWKLZHQW
WKURXJKDSHULRGRIILQDQFLDODQGGHPRJUDSKLFGHFOLQH'XULQJWKHµVWKHFRQVWUXFWLRQRIPDMRUSXEOLF
EXLOGLQJV WKH FUHDWLRQ DQG RSHUDWLRQ RI WKH 6FKRRO RI (QJLQHHULQJ RI WKH 'HPRFULWXV 8QLYHUVLW\ RI
7KUDFHDVZHOODVVWURQJFRQVWUXFWLRQDFWLYLW\FUHDWHGDQHZUHDOLW\LQWKHEXLOWHQYLURQPHQWWKHFHQWUHRI
WKHFLW\VWDUWHGWRWDNHLWVILQDOVKDSHDURXQGWKHFHQWUDOVTXDUH WKHFRPPHUFLDO]RQHVZHUHH[WHQGHGWR
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WKHSULQFLSDO URDG D[HV DQGQXPHURXV IXQFWLRQVZHUH WUDQVIHUUHGRXWVLGH WKHXUEDQ WLVVXH LQ WKH VRXWK
ZHVWHUQSDUWRIWKHFLW\DQRUJDQL]HGEXLOGLQJXQLWLVFUHDWHG
$OWKRXJK WKH UHFRQVWUXFWLRQ LQ VPDOO VLWHV ZLWK KLJK GHQVLW\ KDG D QHJDWLYH LPSDFW RQ WKH XUEDQ
HQYLURQPHQWRI WKHPRGHUQFLW\ WKHUHJHQHUDWLRQSURMHFWZKLFKVHFXUHG WKHPDLQWHQDQFHRI WKHKLVWRULF
FRUH2OG7RZQDXQLTXHH[DPSOHRIDSUHVHUYHGKLVWRULFGLVWULFWLQ1RUWKHUQ*UHHFHLVDSRVLWLYHSDUWRI
WKHGHYHORSPHQWSURFHVV;DQWKL3UHIHFWXUH
7KH UHFHQW XQLILFDWLRQ DQG UHJHQHUDWLRQ E\ WKH0XQLFLSDOLW\RI;DQWKL RI WKH VFDWWHUHGSXEOLF RSHQ
VSDFHVRI WKHFLW\FHQWUH LQFOXGLQJ WKHFHQWUDO VTXDUHE\ WKHSDUWLDOSHGHVWULDQL]DWLRQRIFHUWDLQ VWUHHWV
DQGSRLQWWUDIILFDUUDQJHPHQWV)LJXUHEFUHDWHVQHZFLUFXPVWDQFHVWKHFRQVHTXHQFHVRIZKLFKDUHQRW
\HWREYLRXVWRWKHIXQFWLRQRIWKHFLW\DVDZKROH
7KH DQDO\VLV RI WKH HYROXWLRQ RI WKH XUEDQ WLVVXH SURYHV WKDW LW KDV LPSRUWDQW GLIIHUHQWLDWLRQV LQ LWV
IRUPDVZHOODVLWVGHQVLW\LQGLIIHUHQWSDUWVRIWKHFLW\,QWKHQHLJKERUKRRGVRIWKHROGUHVLGHQWLDOFRUH
WKH VWUHHW QHWZRUN FRQVLVWV RI DFRKHUHQWRUJDQLFWLVVXH WKDWVSUHDGVWR WKH EXLOWVSDFH DQGIRUPV LW ,Q
FRQWUDVW WR WKDW LQ WKH PRGHUQ FLW\ WKH XUEDQ WLVVXH FRQVLVWV RI VHSDUDWH EORFNV RI GLIIHUHQW JHRPHWU\
ZKLFKIROORZLWVVXFFHVVLYHH[WHQVLRQV7KHZHVWHUQQHLJKERUKRRGVKDYHUHFWDQJXODUJHRPHWU\ZKLOVWWKH
HDVWHUQDQGVRXWKHUQQHLJKERUKRRGVKDYHGLIIHUHQWQRUPDOJHRPHWULHVEXWZLWKJUHDWYDULHW\LQWKHVL]HVRI
EORFNV 7KH QHLJKERUKRRGV DUH FRQQHFWHGZLWK D V\VWHP RI UDGLDO D[HV IRFXVLQJ RQ WKH FHQWUDO VTXDUH
ZKLFKLVWKHRQO\DUWLFXODWLRQSRLQWEHWZHHQWKHPDQGWKH2OG7RZQ

 6SDFH6\QWD[DSSOLFDWLRQDQGUHVXOWV
 'DWDHODERUDWLRQDQGD[LDOPDSSURGXFWLRQ
7KHFRPSXWHUSURJUDP'HSWK0DSZLWKWKHDLGRIZKLFKWKHD[LDOPDSVRI;DQWKLZHUHSURGXFHGDQG
WKHVSDFHV\QWD[DQDO\VLVWRRNSODFHZDVFUHDWHGLQE\$ODVGDLU7XUQHULQ8&/DQGZDVJLYHQWR
WKH/DERUDWRU\RI7UDQVSRUW(QJLQHHULQJRI'HPRFULWXV8QLYHUVLW\RI7KUDFH'87+LQRUGHUWREHXVHG
IRU HGXFDWLRQDO DQG UHVHDUFK SXUSRVHV'HSWK0DS SURJUDP LV DQ DSSOLFDWLRQ XVHG WR SHUIRUP YLVLELOLW\
DQDO\VLVRIDUFKLWHFWXUDODQGXUEDQV\VWHPV,WWDNHVLQSXWLQWKHIRUPRIDSODQRIWKHV\VWHPDQGLVDEOH
WRFRQVWUXFWDPDSRI
YLVXDOO\LQWHJUDWHG
ORFDWLRQVZLWKLQLW7XUQHU9HUVLRQFRIWKHSURJUDP
ZDVXVHGZKLFKLQFOXGHVIXOORSSRUWXQLWLHVRIFUHDWLRQDQGDQDO\VLVRID[LDOPDSV
7KH FDUWRJUDSKLF LQIRUPDWLRQ XVHG IRU WKH DQDO\VLV ZDV EDVHG RQ WKHPDSV RI;DQWKL RI 7KH
GLJLWDOLVDWLRQ DQG WKH YHFWRU GDWD ZHUH WDNHQ IURP GLSORPD WKHVHV VXEPLWWHG WR WKH /DERUDWRU\ RI
7UDQVSRUW (QJLQHHULQJ RI '87+ 7KH EDFNJURXQG ZDV XSGDWHG PRGLILHG DQG UHGHVLJQHG XVLQJ &$'
VRIWZDUH7KHSURGXFWLRQRID[LDOPDSVE\'HSWK0DSUHTXLUHGFRQWURODQGOLPLWHGLQWHUYHQWLRQHVSHFLDOO\
IRUWKHLOOXVWUDWLRQRIGHDGHQGVDQGDFFHVVHVWKURXJKWKHRSHQVSDFHVWDLUVLQWKH2OG7RZQ)LJXUHE

 *OREDOLQWHJUDWLRQDQGLQWHJUDWLRQFRUH
,Q WKH JOREDO LQWHJUDWLRQPDS RI )LJXUH D LW LV FOHDUO\ LOOXVWUDWHG WKDW WKHPRVW LQWHJUDWHG D[HV DUH
DVVRFLDWHG ZLWK WKH DOORFDWLRQ RI WKH FRPPHUFLDO ODQG XVH DQG WKH VWUHHWV WKDW JDWKHU UHFUHDWLRQ DQG
HQWHUWDLQPHQW ODQGXVH7KHPHWKRGUHYHDOVZLWKVXIILFLHQWSUHFLVLRQ WKHPDMRULW\RI WKHPDLQDQGPRVW
FRQJHVWHGVWUHHWVRIWKHFLW\7KLVLVHQKDQFHGE\WKHUHVXOWVRIVHYHUDOIRUPHUWUDQVSRUWVWXGLHV6WHIDQLVHW
DO  3DSDGRSRXORV DQG +DGMLJHRUJLRX  DQG LQGLFDWHV WKH PDMRU SRVLWLYH FRUUHODWLRQ RI WKH
LQWHJUDWLRQ RI D VWUHHW ZLWK WKH WULS GHQVLW\ DQG WKH DELOLW\ WR DWWUDFW NH\ IXQFWLRQV LQ LW 2QH RI WKH
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H[FHSWLRQVLVDSULQFLSDOH[LWURDGRIWKHFLW\ZKLFKGRHVQRWKDYHKLJKLQWHJUDWLRQYDOXHVSRVVLEO\GXHWR
LWVVHJPHQWDWLRQLQILYHD[HVEHFDXVHRIWKHFKDQJHVLQJUDGLHQWRIWKHFLW\SODQQLQJJULG
7KHFHQWUDOVTXDUHLVSURYHGWREHWKHV\QWD[WUDIILFDQGIXQFWLRQDOLQWHJUDWLRQFRUHRIWKHFLW\DVWKH
VXUURXQGLQJ VWUHHWV KDYH WKH KLJKHVW LQWHJUDWLRQ YDOXHV$URXQG WKH VTXDUH SDUWLFXODU XQLWLHV RI VSHFLDO
XVHVH[LVWZKLFKDUHFKDUDFWHUL]HGE\FRQWUDVWVVXFKDV WKHEORFNRIDGPLQLVWUDWLRQEXLOGLQJVDQGRSHQ
VSDFHV LQ WKH ZHVW WKH PRVW G\QDPLF SDUW RI WKH FRPPHUFLDO FHQWUH LQ WKH VRXWK UHFUHDWLRQ XVHV DQG
VHUYLFHVLQWKHQRUWKDQGWKHVLWHRIWKHIOHDPDUNHWZLWKVSHFLDOL]HGVKRSVLQWKHZHVW7KHORZLQWHJUDWLRQ
YDOXHVRI WKHVSDFHV LQ WKH LQWHUQDOSDUWRI WKHEORFNRIDGPLQLVWUDWLRQEXLOGLQJV LQFRPSDULVRQZLWK WKH
YHU\KLJK LQWHJUDWLRQYDOXHVRI WKH VXUURXQGLQJ VWUHHWV MXVWLI\ WKHGHYDVWDWLRQGXULQJWKHDIWHUQRRQZKHQ
WKH SDVVDJHRI SHGHVWULDQV DQG YHKLFOHVLVVLJQLILFDQWO\UHGXFHGDQG FRQILUPWKH LQFRUUHFWV\QWDFWLF
VWUXFWXUHRIWKHDUHD
7KH  RI OHVV LQWHJUDWHG VSDFHV EOXH FRORU LQGLFDWHV IRXU FRPSDFW QHLJKERUKRRGV WKDW DUH
UHVLGHQWLDODUHDVZLWK VSHFLILFDQGFRPSOHWHO\GLVFUHWHV\QWD[DQGXUEDQDWWULEXWHV )LJXUHD7KHILUVW
WZR DUH ORFDWHG LQ WKH VRXWKHUQ SDUW RI WKH FLW\ DZD\ IURP WKH FHQWUH DQG DUH FKDUDFWHUL]HG E\ SRRU
FRQQHFWLYLW\DQGLQFRPSOHWHLQQHUXUEDQRUJDQL]DWLRQODFNRIFHQWUHOLPLWHGXUEDQVHUYLFHV7KHUHVWWZR
DUHVLWXDWHGLQWKHQRUWKLQDQDUHDZLWKLQWHQVHUHOLHIDQGDUHFKDUDFWHUL]HGE\GHQVHRUJDQLFXUEDQWLVVXH
,QSDUWLFXODU
7KH ILUVW QHLJKERUKRRG  LQ)LJXUHD LQ WKH VRXWKZHVWHUQSDUWRI WKHFLW\ LVRQHRI WKHYHU\ IHZ
H[DPSOHV RI RUJDQL]HG EXLOGLQJ DFWLYLW\ LQ *UHHFH DQG LW ZDV FUHDWHG E\ JRYHUQPHQW¶V LQWHUYHQWLRQ
WKURXJKH[SURSULDWLRQEHWZHHQDQG+DGMLPLFKDOLV7KHGHQVHFRQQHFWLYHWLVVXHRIWKH
UHIXJHHV¶QHLJKERUKRRGVLVDWDQJHQWLDOERXQGDU\EXWZLWKRXWWKHH[LVWHQFHRIDQDSSURSULDWHFRQQHFWLRQ
7KHVXEXQLWVDUHIRUPHGE\GLIIHUHQWW\SHVRIKRXVLQJZKLOHWKHUHDUHIHZVRFLDOVXSSRUWEXLOGLQJVDQGD
VPDOOPDUNHW8QVWUXFWXUHGDQGXQIRUPDWWHGDUHDVLQGLFDWHWKDWWKHLQLWLDOSURMHFWZDVQRWFRPSOHWHG7KH
SURJUDPZDVLQLWLDOO\DGGUHVVHGWRVRFLDOJURXSVRIUHODWLYHO\KLJKLQFRPH7RGD\WKHDUHDLVDQLVRODWHG
VXEXUE 7KH FRPSRVLWLRQ RI LWV UHVLGHQWV KDV EHHQ GLIIHUHQWLDWHG FRPSDULQJ WR WKH LQLWLDO HVWLPDWLRQV
6RFLDO H[FOXVLRQ KDV VWDUWHG WR EH SURGXFHG ZLWK D FOHDU VSDWLDO H[SUHVVLRQ ZKLFK LV HQKDQFHG E\ WKH
FRQVLGHUDEOH GLVWDQFH IURP WKH FHQWUH RI WKH FLW\ DQG WKH SRRU FRQQHFWLYLW\ ZLWK WKH ODVW SDUWV RI LWV
FRPSUHKHQVLYHWLVVXH
7KHVHFRQGQHLJKERUKRRGLQ)LJXUHDLQWKHVRXWKHDVWHUQHGJHRIWKHFLW\FORVHWRWKHULYHULVD
ZRUNLQJ± FODVV QHLJKERUKRRGZLWK UHVLGHQWV RI ORZ LQFRPHZKLFKZDV IRUPHG LQ WKH HQGRI WKHWK
FHQWXU\ZLWKWKHHVWDEOLVKPHQWRIWKHVODXJKWHUKRXVHVDQGWKHWDQQHULHV7KHQHLJKERUKRRGLVFRQQHFWHGWR
WKHFLW\ZLWKRQHURDGD[LVDZD\IURPLWVFRUH'HVSLWHWKHIDFWWKDWLWZDVGHYHORSHGLQVPRRWKWHUUDLQLW
LVFKDUDFWHUL]HGE\FRPSOH[DOLJQPHQWVZLWKORZZLGWKVVHPLSXEOLFIODWVXUIDFHV±\DUGVDQGGHDGHQGV
7KLVRUJDQL]DWLRQSURGXFHVFRPSOLFDWHGQHWZRUNVDQGEDGFLUFXPVWDQFHVRIOLYLQJZKLOVWDWWKHVDPHWLPH
HQFRXUDJHVWKHFUHDWLRQRIJKHWWRL]DWLRQWHQGHQFLHV
7KH WKLUG QHLJKERUKRRG 2OG 7RZQ  LQ )LJXUH D ZDV FUHDWHG LQ WKH UHPDLQV RI WKH VHWWOHPHQW
H[LVWLQJEHIRUHWKHHDUWKTXDNHRILQWKHQRUWKHUQPRXQWDLQRXVSDUWRIWKHFLW\,WLVFKDUDFWHUL]HGE\
GHQVH XUEDQ RUJDQLF WLVVXH ZLWKFXUYLOLQHDUDOLJQPHQWVWKDWGHOLEHUDWHO\FUHDWHGD
VHQVHRIXQIDPLOLDUHQYLURQPHQWWRDQ\RQHZKRGLGQRWEHORQJWRWKLVFRPPXQLW\ZKLOHDWWKHVDPHWLPH
WKH\ DOORZHG FRQVWDQWPRQLWRULQJRI DOO URDGVIURP DGMDFHQWUHVLGHQFHV8VLQJ V\QWD[ WHUPV WKLVPHDQV
DFKLHYLQJORZLQWHJUDWLRQYDOXHVDQGVWULFWFRQWUROWRGLVFRXUDJHWKHSDVVDJHRIIRUHLJQHUV.XEDW
<XHWDO1RZDGD\VWKHIUHHRUJDQL]DWLRQRIWKHEXLOWYROXPHFUHDWHVDQHQYLURQPHQWVXLWDEOHIRU
UHVLGHQFHDQGDTXDOLW\RI OLYLQJ WKDW LQPRGHUQFLWLHV LVXVXDOO\PHW LQ VXEXUEDQGHYHORSPHQWVRIKLJK
LQFRPH *LDQQRSRXORX7KHDUHD LVDGMDFHQW WR WKHPRVW LQWHJUDWHG VSDFHRI WKHFLW\ WKHFHQWUDO
VTXDUH,QWKHEHJLQQLQJRIWKHD[HVZKLFKSHQHWUDWHWKHDUHDDVH[WHQVLRQVRIWKHRQO\D[LVWKDWFRQQHFWVLW
ZLWKWKHFLW\FHQWUHUHFUHDWLRQODQGXVHLVJDWKHUHG
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7KHIRXUWKQHLJKERUKRRGLQ)LJXUHDZDVFUHDWHGLQWKHWKFHQWXU\LQWKHQRUWKHDVWHUQEDQN
RIWKHULYHURSSRVLWHIURPWKH2OG7RZQ,WLVFKDUDFWHUL]HGE\GHQVHXUEDQRUJDQLFWLVVXHDQGUHOLHIZLWK
LQWHQVHJUDGLHQWV,QFRQWUDVWZLWKWKH2OG7RZQLWKDVQRWEHHQVXEMHFWWRDQ\SURWHFWLRQVWDWXVDQGDVD
UHVXOWXQUHJXODWHGEXLOGLQJDFWLYLW\WDNHVSODFHZLWKLQWKHWUDGLWLRQDOWLVVXHWKDWLVVWLOOPDLQWDLQHG



















)LJD*OREDOLQWHJUDWLRQPDSE/RFDOLQWHJUDWLRQPDSUDGLXV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
)LJD6FDWWHUSORWRIWKHV\QHUJ\DQGELQWHOOLJLELOLW\RIWKHXUEDQWLVVXH
 /RFDOLQWHJUDWLRQV\QHUJ\DQGLQWHOOLJLELOLW\RIWKHWLVVXH
7KHD[LDOPDSRIORFDOLQWHJUDWLRQUDGLXVIRUWKHZKROHFLW\LQGLFDWHVWKDWWKHPRVWLQWHJUDWHGD[HV
DFFRUGLQJ WR WKHJOREDO LQWHJUDWLRQDQDO\VLVGRQRWDOZD\VFRQFXUZLWK WKH ORFDOO\PRVW LQWHJUDWHGD[HV
7KHFHQWUDO VTXDUH LVQRW WKHPRVW LQWHJUDWHGSDUWRI WKHFLW\DQ\PRUH$PDMRU UROH WR WKLV KDV WKHELJ
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GLIIHUHQWLDWLRQVRI WKHXUEDQ WLVVXHE\DUHDDVZHOO DV WKHH[LVWHQFHRID[HVZLWK ODUJHFRQQHFWLYLW\DQG
SRRU LQWHJUDWLRQ7KHD[HV WKDWKDYHKLJK ORFDO LQWHJUDWLRQYDOXHVDWWUDFWFRPPHUFLDOXVHVRI ORFDO OHYHO
)LJXUHE
7KHV\VWHP¶VV\QHUJ\LVVKRZQE\WKHFRUUHODWLRQFRHIILFLHQW5RIWKHUHODWLRQVKLSRIJOREDODQGORFDO
LQWHJUDWLRQ ZKLFK KDV YDOXH RI  DQG E\ WKH FRUUHVSRQGLQJ UHJUHVVLRQ HTXDWLRQ \   [ 
 $V VKRZQ LQ )LJXUH D WKH JURXS RI SRLQWV KDV D SDUDOOHO GLVSHUVLRQ DURXQG WKH VWUDLJKW
UHJUHVVLRQ OLQH ,Q FRQWUDVW WR WKDW WKH LQWHOOLJLELOLW\ RI WKH XUEDQ WLVVXH ZKLFK LV PHDVXUHG E\ WKH
FRHIILFLHQW 5 RI WKH FRUUHODWLRQ EHWZHHQ WKH JOREDO LQWHJUDWLRQ DQG WKH FRQQHFWLYLW\ LV QRW DV KLJK
5  7KH UHJUHVVLRQ OLQH KDV WKH IROORZLQJ HTXDWLRQ \   [   )LJXUH E $Q
LQWHOOLJLEOH XUEDQ WLVVXH FDQ EH UHDOL]HG E\ FRQVLGHULQJ WKH VWUXFWXUH RI WKH JOREDO V\VWHPEDVHG RQ WKH
VWUXFWXUHRIWKHORFDODUHD/RQJHWDO,QWKHFLW\RI;DQWKLWKHZD\WKHVSDFHLVIRUPHGORFDOO\LV
QRW LGHDO IRU WKH FRQILJXUDWLRQ RI D QHWZRUN WKDW FDQ EH UHDFKHG GLUHFWO\ DQG GRHV QRW KHOS LQ
XQGHUVWDQGLQJWKHDJJUHJDWHVSDFHFRQILJXUDWLRQRILWVXUEDQWLVVXH*DWVRXOLDV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)LJ$[LDOPDSRI;DQWKL±,QWHJUDWLRQFRUHDIWHUWKHLQWHUYHQWLRQ

 &KDQJHVLQJOREDOLQWHJUDWLRQDIWHUWKHUHFHQWXUEDQLQWHUYHQWLRQ
7KHUHFHQWLQWHUYHQWLRQ±RIWKHFHQWUHRI;DQWKLLQFOXGHVWKHIRUPDWLRQDQGFRQQHFWLRQRI
WKHFHQWUDOVTXDUHZLWKWKHRSHQVSDFHVRILWVZHVWHUQVLGHE\WKHSHGHVWULDQL]DWLRQRIWKHVWUHHWVRIKLJKHVW
LQWHJUDWLRQ YDOXHV ,W LV D UHJHQHUDWLRQSURMHFW RI ODUJH VFDOHZKLFK LQ DGGLWLRQ FRXOG FUHDWH D VHULHV RI
IXQFWLRQDOSUREOHPVDGGHGWRWKHDOUHDG\H[LVWLQJDQGHQODUJHGE\WKHODFNRIDWUDQVSRUWVWXG\
,QWKHQHZD[LDOPDS)LJXUHDPDMRUGHFUHDVHRIWKHJOREDOLQWHJUDWLRQYDOXHVLVREVHUYHGDVZHOO
DVDUHORFDWLRQWKDWLQIOXHQFHVLWVKLJKHVWYDOXHV]RQH$VDUHVXOWWKHPXFKLQWHJUDWHGFHQWUHRIWKHFLW\LV
PRYHGWRWKHHDVWVLGHRIWKHFHQWUDOVTXDUH7KHUDQJHRIFKDQJHLQFRPELQDWLRQZLWKWKHVPDOOQXPEHU
RID[HVWKDWKDYHEHHQUHPRYHGRQO\VKRZVWKHLPSRUWDQFHRIWKHSHGHVWULDQL]HGVWUHHWVIRUWKH
ZKROHFLW\0RUHRYHUWKHPRVWLQWHJUDWHGVWUHHWVLQWKHQRUWK±VRXWKGLUHFWLRQUHPDLQLQWHJUDWHGZKLOVW
FHUWDLQ VWUHHWV DUHXSJUDGHG7KHVH VWUHHWV KRZHYHU GRQRW KDYH WKH DSSURSULDWH JHRPHWULF DWWULEXWHV WR
XQGHUWDNHWKHWUDQVIHURIWUDIILF,W WKXVUHYHDOHGWKDW WKHFRPSOHPHQWDU\XVHRIDQDQDO\VLVRIWKHXUEDQ
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WLVVXH¶VFRQILJXUDWLRQRIWKHLQWHUYHQWLRQDUHDZLWKWKHXVHRIVSDFHV\QWD[PHWKRGRORJ\FRXOGFRQWULEXWH
LQDYRLGLQJVXFKIDLOXUHVDQGKHOSLQDFKLHYLQJWKHUHJHQHUDWLRQSURMHFW¶VREMHFWLYHV

 &RQFOXVLRQV

7KHV\QWD[DQDO\VLVRI;DQWKLFRQILUPHGWKHORFDWLRQDQGH[WHQWRIWKHFRPPHUFLDODQGDGPLQLVWUDWLYH
FHQWUHRIWKHFLW\7KHFRUHRIWKHFLW\ZDVVKRZQZLWKVXIILFLHQWO\ODUJHSUHFLVLRQDQGWKHPRVWLPSRUWDQW
DQG FRQJHVWHG SDUWV RI WKH VWUHHW QHWZRUN ZHUH UHYHDOHG 0RUHRYHU WKH FRPPHUFLDO VWUHHWV DQG WKH
HQWHUWDLQPHQWVWUHHWVZHUHIRXQGDQGWKHORZLQWHOOLJLELOLW\RIWKHXUEDQWLVVXHRIWKHFLW\ZDVFRQILUPHG
7KHDUHDVWKDWKDYHORZLQWHJUDWLRQYDOXHVFRLQFLGHGZLWKQHLJKERUKRRGVWKDWKDYHDWWULEXWHVRIHLWKHUORZ
DFFHVVLELOLW\ ORZ WULS IORZSDUWLFXODU IRUPRI WKHXUEDQ WLVVXH VRFLDO H[FOXVLRQ RU FRPELQDWLRQRI WKH
DIRUHPHQWLRQHGDWWULEXWHV)XUWKHUPRUHWKHDUJXPHQWWKDWWKHV\QWD[SURSHUWLHVRIWKHXUEDQSXEOLFVSDFH
KDYHDQLPSDFWRQWKHIXOILOOPHQWRIWKHREMHFWLYHVRIUHJHQHUDWLRQVWXGLHVZDVYHULILHGVLJQLILFDQWO\
$OWKRXJK VSDFH V\QWD[ KDV EHHQ ZLGHO\ XVHG E\ XUEDQ SODQQHUV WKH LQWHJUDWLRQ RI LWV PRGHOLQJ
FDSDELOLWLHVDQGSRWHQWLDOVZLWKLQRWKHUPHWKRGVRI XUEDQDQG WUDQVSRUW DQDO\VLVFRXOGEHSXUVXHGPRUH
RIWHQLQRUGHUWRKDYHFRPSXWDWLRQDODQGVXEVWDQWLDOFRPSOHWHQHVVRIWKHLQGLYLGXDOVFLHQWLILFVHFWRUV
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